Objective: Status epilepticus (SE) is a severe neurologic condition associated with high morbidity and mortality. Population-based studies in adults have found a wide range of incidences in various regions in the world. Although the incidence of SE increases almost exponentially in the elderly, data on census-based population statistics in these studies are scarce. This study provides a critical review with an emphasis on census-based population statistics and study characteristics in adults. Methods: We performed a systematic search of population-based studies on SE in adults in PubMed using "status epilepticus" in combination with "epidemiology", "population", and "incidence" as search terms, and also screened references. For each identified study, we assessed and extracted the respective population pyramids of study and reference population, and study characteristics. Results: We identified 22 population-based studies (eleven from Europe, six from North America, three from Asia, one from Africa, and one from Australasia). Incidence rates of patients with SE ranged from 1.29 to 73.7/100,000 adults (95% confidence interval (CI): 76.6-80.3) and of SE episodes up to 81.1/100,000 adults (95% CI: 75.8-87.0). The proportions of elderly and very old patients varied by a factor of 2.6 and 8.5, respectively, depending on study period and place. Further major reasons for heterogeneity were retrospective or prospective study design, definition of time to diagnose SE, variable detection of nonconvulsive SE (NCSE), different etiologies, inclusion of children, recurrent episodes, postanoxic patients, exclusion of patients with preexisting epilepsy or patients identified outside the emergency department, and choice of reference population for age-and gender adjustment. The most recent definition and classification of SE by the International League Against Epilepsy (ILAE) 2015 was used in two studies. Four studies (18.2%) reported incidences per ten-year age strata necessary for age adjustment to various reference populations. Conclusions: This critical review reveals a marked heterogeneity among population-based studies on SE in adults. It provides comprehensive details on census-based population statistics in study and reference populations and various study designs and characteristics essential for direct comparisons between studies. Reporting on these essential key features should be improved in population-based studies on SE.
Introduction
Status epilepticus (SE) is a potentially life threatening neurological condition in which seizures do not stop spontaneously and require immediate treatment [1] . Any brain insult such as cerebrovascular, traumatic, inflammatory, infectious, or toxic and a plethora of systemic disorders can cause SE [1, 2] . Incidences reported in population-based studies in adults in different regions in the world vary by a factor of more than 50, which is poorly understood E-mail address: public-health@umit.at (U. Siebert). 1 Markus Leitinger and Eugen Trinka share the first authorship. [3, 4] . The incidence of SE increases almost logarithmically with age; therefore, higher percentages of elderly and very old people in a study population may contribute substantially to the overall incidence [5] [6] [7] . However, details on census-based population statistics were usually not reported in epidemiological studies, which makes comparisons of these studies difficult, or even impossible.
The goal of this review was to critically assess the census-based demographic composition of each study and reference population, study designs, inclusion and exclusion criteria, and various definitions of diagnostic time T1 to establish the diagnosis of SE. Additionally, we identified advantages and limitations of adjustments usually applied during data processing in epidemiological studies. These findings led us to recommendations for targeted investigations and improved reporting in epidemiological studies on SE.
Methods

Systematic literature search
We performed a systematic literature search to identify all population-based studies including adults that reported incidence rates of SE. We used the search terms "status epilepticus" combined with "incidence", "population", or "epidemiology" in the database PubMed from 1950 to August 12th 2019. Studies only reporting about SE in children, subgroups of adults, or subtypes like refractory or superrefractory SE were excluded. Congress reports in abstract form were used as a potential source of later or other publications but were themselves not included into this review. Two authors (CG, ML) assessed the search results regarding eligibility in our review. In case of disagreement, an additional author (ET) made the decision.
Census-based population statistics
We analyzed the study period of each population-based study and investigated the age characteristics of study and reference populations per decade of life beginning with the sixth decade as the marked increase in incidence started in this age group [5] [6] [7] . In long-term studies, we also extracted the percentages of very young children as this was also a high incidence age group [7, 8] . The data for the study and reference populations were retrieved from the respective national census bureaus. In studies that included both children and adults, i.e., "total populations", we calculated crude incidences specifically for adults if data on age strata were provided (age threshold for adulthood as reported, or 20 years).
Extraction of core characteristics
We systematically retrieved study design, inclusion and exclusion criteria, different times to establish the diagnosis of SE, inclusion of children, postanoxic patients, and patients with recurrent SE. We assessed reporting on proportion of convulsive SE (CSE, i.e., bilateral tonic-clonic SE), etiology, ethnicity, and health insurance system in a prespecified standardized extraction form. Etiology was devided according to the International League Against Epilepsiy (ILAE) 2015 [1] into "known" (i.e., symptomatic; with the subcategories "acute", "remote", "progressive", and "defined in electroclinical syndromes") and "unknown" (i.e., cryptogenic). Data on febrile SE were collected if reported by studies including also children. With ILAE 2015, CSE had a diagnostic time T1 of 5 min, whereas focal SE and absence SE had to last for at least 10 min [1] . Case fatalities were reported as in hospital or at 30 days, respectively.
All results of our assessments were summarized and reported in systematic evidence tables. 
Results
Search results
The search algorithm and number of identified papers are presented in Fig. 1 . Our search strategy identified a total of 1954 different papers. Five studies were excluded after full text analysis as these studies did not report incidences. Finally, 22 population-based studies including adults reported incidences of SE and were, therefore, included in our critical review. Years of publication ranged from 1995 to 2019 (Table 1) [5, 37] . Patients from the Swiss Canton of Geneva investigated by Jallon et al. were also included in a later study performed in Frenchspeaking Switzerland [14, 16] . Patients from a population-based study in Thailand conducted in 2010 were also included in a long-term study [3, 33] .
Census-based population statistics
The place of study, study period (range: 1935 to 2016), census used as reference population, and percentages of elderly (patients 60 years of age or older) in the study and reference populations are presented in Table 1 . The percentage of elderly ranged from 15.0% in Thailand in 2005 to 38.3% in the district North Savo, Finland in 2015, i.e., a variation of factor 2.55 [3, 4] . In Rochester (Minnesota, MN), the percentage of elderly increased from 15.2% in 1940 to 23.1% in 1960 by relative 52% [9] . The elderly within the European Standard Population (ESP) increased by relative 44% from 1976 to 2013 [13] . Italy, Europe, showed an increase of relative 24.6% of people of 60 years and over from 27.6% in 1991 and 30.7% in 2002 to 34.4% in 2016 [21] . For comparison, in the USA, elderly increased by 9.1% from 23.2% in 1980 to 25.3% in 2010 [9] . There were no inhabitants over age 85 years in Rochester in 1940; otherwise, adults in this age group ranged from 0.6% in Thailand in 2005 to 5.1% in Florence in 2016, i.e., a factor of 8.5 [9, 21, 34] . Ten studies provided population data in various age strata [7, 11, 16, 20, 22, 23, 25, 31, 35, 37] , and four of them used 10-year intervals [7, 20, 25, 35] .
Study design and core characteristics
Twenty-two studies, ten prospective and 12 retrospective studies, were conducted on five continents ( Table 2) . Nine studies investigated only adults [3, 4, 17, 20, 22, 25, 27, 30, 33] . The others also included children, two of them reported incidences separately for adults [6, 37] . Six studies including also children allowed calculation of crude incidences specifically for adults by providing data on age strata [7, 11, 16, 23, 31, 35] , which resulted in relative 19.2% [16] , 15.9% [11] , 11.5% [23] , and 5,2% [7] lower incidences, or 5.6% [31] and 24.7% [35] higher values for adults compared with incidences "per total populations". Seven studies were based on hospital discharge diagnosis of SE [3, [10] [11] [12] 24, 31, 33] . The definitions of diagnostic times for establishing the diagnosis of SE ranged from 5 to 30 min [4, 6, 27] , the definition by ILAE 2015 was used in two studies [25, 30] . The annual reported crude incidences varied between 1.29 [3] and 43/100,000 adults (derived from Fig. 2 in DeLorenzo et al.) [6] . The estimated crude incidence after correction for underascertainment was 61/100,000 total population without neonates [6] . Where data specifically for adults were available, the adjusted incidences ranged from 10.7 [20] to 73.7/100000 adults, and 81.1 episodes/ 100,000 adults, respectively [4] . The ratios of gender-specific incidences in men to women were 1.97 [33] [37] , 1.1 [10, 11] , 0.95 [25] , 0.74 [20] , and 0.39 [22] .
Inclusion of patients with hypoxic etiology ranged from null to 16% [Logroscino] . Patients with a first episode of SE varied from less than 80% to 100% [7, 16] . Studies included patients with CSE between 33.1 and 100% [11, 16] . One study documented a 2.4-fold increase of nonconvulsive SE (NCSE) after introduction of diagnostic electroencephalography (EEG) criteria in 2013 [25] . Studies investigated 27 to 760,117 patients (median: 186) [10, 22] .
Etiologies
The etiology of SE was acute symptomatic in 24.8 to 68.7% [24, 30] , remote symptomatic in 18.6 to 62.7% [16, 17] , progressive symptomatic in 3.1 to 27.3% [30, 35] , and 1.4 to 3.5% occurred in defined electroclinical syndromes (Table 3 ) [25, 37] . The etiology was unknown in 1.8 to 17.7% [25, 37] . The incidence of febrile status ranged from null to 23% [14, 17] . History of epilepsy was reported in up to 60.6% of episodes [37] ; one study excluded patients with preexisting epilepsy [35] . Case fatalities at 30 days ranged from 4.6% to 39% [20, 37] , and in hospital from 5.0% to 24.4% [23, 27] .
Long-term studies
We identified nine studies recruiting patients over more than three years [3, 7, 8, [10] [11] [12] 24, 25, 31] , five of them for more than ten years [7, 8, 10, 12, 31] . Logroscino et al. reported a drop of the annual adjusted incidence of SE in Rochester, MN by relative 27.6% from 15.2 in the Table 3 Population-based studies of adults with different etiologies (all numbers denote %).
Author
History of epilepsy [11] n.a. n.a. n.a. n.a. n.a. n.a. n.a. 10.7 Betjemann [12] n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. Jallon [14] 32 26 .2% (i.e., an increase of 15.4% compared with previous decade), and 23.8% (i.e., a decrease of 9.2% compared with previous decade) of all children and adolescents under 20 years of age, respectively [9] . People aged 60 years or more constituted 23.2%, 23.6%, and 22.8% of adults in 1980, 1990, and 2000, respectively [9] . The percentages of adults 85 years of age and older were 1.5%, 1.7%, and 2.1% in the respective years (Table 1 ) [9] . Insurance status was constant during this period ( Fig. 3 ) [9] . Similar data were also reported for California by Wu et al. who reported a reduction of incidence from 8.5 to 4.9 CSE/100,000 (drop of 42.4%) from 1991 to 1998, while percentages of people aged 60 years or older remained constant at 20.1%, and percentages of the people 75 years of age and older even increased from 1.4% to 1.8% (Table 1) [9, 11] .
The incidence of 18.3/100,000 total population in Rochester increased to 23.7/100,000 adults after age-and gender-adjusted to the population of Austria 2016, which was used in the recent Austrian study using ILAE 2015 criteria for SE [7, 25] .
Discussion
In this critical review of 22 population-based studies, we identified several profound influence factors responsible for the wide range of annual incidences of SE of 1.29 to 73.7/100,000 adults and 81.1 SE episodes/100,000 adults. In part, these factors are amenable to mathematical correction, which increases comparability. To our knowledge, we investigated for the first time the census-based demographic statistics underlying the population-based studies on SE in adults. We implemented our findings into recommendations on reporting of incidences in population-based studies on SE (Table 4 ).
Distribution of age and ethnicity in study populations
The incidence of SE is highly age dependent with a peak in very young children [5] [6] [7] and an incidence progressively increasing with age in the elderly ( Supplementary Fig. 1 ) [5, 6, 7, 10, 11, 14, 16, 17, 20, 22, 23, 25, 31, 35, 37] . The annual incidence in adults under age of 60 years of 18.1/100,000 (95% confidence interval (CI): 10.1-30.1) may increase more than fourfold to 79.9 [95% CI: 53.4-114.8] in the elderly (60 years or older), subgroups of 80 years and older reach more than 150, and above 90 years almost 200/100,000 with huge CIs ( Supplementary Fig. 1 ) [25] . For comparison, in the very first population-based study in Virginia, the incidence in young adults was 27, and in the elderly, more than threefold higher with 86/ 100,000 [5] . In Germany, patients 60 years and older had an almost 13-fold higher incidence of 54.5 than younger adults of 4.2/100,000 [17] . In particular, NCSE increased with age ( Supplementary Fig. 1 ) [25] . Consequently, the higher the ratio between elderly and young adults, the more the elderly determine the incidence in adults. Population-based studies usually provide information about the study period and study region. However, the proportion of elderly is different for each time point in each country as illustrated for USA and Germany ( Supplementary Figs. 2 and 3) [9, 19] .
In Rochester in the 1940s, 15.2% of adults were 60 years or older, similar to Thailand in 2005 where 15.0% were in this age group [9, 34] . This is in contrast to USA in 2010 where 25.3% of adults were elderly persons, or to Finland in 2015 with 34.8% (Table 1 ) [9, 29] . In Rochester, elderly steadily increased to 23.1% in 1960 to further decrease to 19.8% in 1990 (Table 1) [7] [8] [9] . For practical reasons, we can group the studies according to their percentages of elderly in their adult population, which helps to quickly estimate the amount of people affected by SE in this high risk group: 10-20% of adults [3, 7, 8, 31, 33, 35] , 20-30% [5] [6] [7] [8] [10] [11] [12] 14, 16, 17, 37] , and 30-40% [4, 20, 22, 23, 25, 30] . In the next decades, a category of 40-50% will be useful due to progressive aging especially in European countries (Table 1) [4, 30] . The ethnical background may also influence the risk of SE. The first prospective population-based study performed in Richmond (Virginia, VA) found the incidence of SE for Americans with African descent almost threefold higher than in Americans with European descent (57 compared with 20/100,000 adults and children) [6] . In Virginia, the estimated incidence after correction for underascertainment of 61/100,000 adults and children was more than three times higher than the incidence of 18.3/100,000 adults and children in Rochester [6, 7] . In USA, the annual incidence in Americans with African descent was almost double the incidence in Americans with European descent with 13.7 compared with 6.9/ 100,000 adults and children, respectively [10] . In California, the relative risks of Americans with African descent, Hispanic descent, or Asians descent were 1.92, 0.50, and 0.38 compared with Americans with European descent [11] . However, in Auckland, New Zealand, incidences found in people with Asian descent, with European descent, Pacific Islanders, and Maori were 17.8, 19.1, 26.6, and 29.3 patients/ 100,000 adults and children, respectively [37] . This variation of risks between European and Asian descent of 2.6 in California and of 1.1 in Auckland warrants the search for other factors. In particular, groups with different descents may have considerably different percentages of elderly people that could bias incidences. In Auckland in 2015, elderly people were 21.6% of adults (age limit: 15 years) in European descent compared with 8.34% in Asian descent [38] . This could explain a rate more than double in European descent compared with Asian descent, but the incidences were almost similar. Data of the second high incidence age group of very young children separate for each descent were not available [37, 38] . However, the relative percentages of people with different descents should be considered when data are interpreted. Of note, Americans with African descent made 80% of the study population in Virginia [6] , compared with 58.7% [11] , 64% [10] , and 96% [7] of Americans with European descent in California, USA, and Rochester, respectively [6, 7, 10, 11] . Studies performed in Europe include mainly Caucasians [4, 14, 16, 17, 20, [22] [23] [24] [25] 27, 30] , and studies in Thailand and Taiwan include mainly people with Asian descent [3, 31, 33] , although exact percentages were only rarely reported. The population on the island of LaReunion included 23% of inhabitants with European descent, 53% "ethnically mixed", and people with Indian, Chinese, and African descent [35] . In Auckland, New Zealand, people with European descent made 48.5%, Pacific Islanders 18.8%, Maori 15.5%, and people with Asian descent 13.9% [37] .
Age and gender adjustment
Age and gender adjustment is a process that transfers the findings from a certain study with a specific study population into the respective (adjusted) findings of any reference population. In other words, the adjusted results indicate what the results would have been if the study had been performed in the reference population. For performing adjustment, one needs the incidences per age and gender stratum in the study population, and the numbers of persons within these strata both in the study and the reference population. An important application of age and gender adjustment is the comparison of different studies for which the results obtained for the respective study cohorts are adjusted to the same reference population.
For example, the Austrian study adjusted the findings from the Rochester study by Hesdorffer et al. between 1965 and 1984 to Austria 2016 and revealed an increase of incidence from reported 18.3/100,000 total population to adjusted 23.7 per 100,000 adults per year [7, 25] , which mainly addressed the different age structures of Rochester and Austria (Table 1 ). In addition to the adjustment algorithm, comparison of incidence rates across studies must consider the precision of incidence estimates in each individual study expressed by CIs, which were reported in 15 studies [4, 7, [10] [11] [12] 14, 16, 17, 20, [22] [23] [24] [25] 30, 35, 37] . Another application of age and gender adjustment concerns the planning of healthcare resources. For this purpose, extrapolated data for future populations are needed, which are usually provided by census bureaus. However, caution is required when choosing a particular population as the reference. Both, the study in French-speaking Switzerland and one of the two Rochester studies adjusted their data to the US 1980 census for comparison (Table 3) [7, 16] . This is helpful for public health concerns for the US study performed from 1965 to 1984 [7] . However, the Swiss study was conducted from 1997 to 1998, and therefore, the adjusted incidence represented a different country and a different timealmost 20 years before [16] . Therefore, the optimal approach is to publish raw incidences and number of subjects or person-years per decade of age in study and reference populations to allow adjustment of study data to any time and any place even long after study completion [25] . Per-decade data were reported by four studies [7, 20, 25, 35] . This note of caution does not only apply to future populations, but rather illustrates that choosing a proper reference population in general is a crucial step. For example, the crude incidence in Lugo di Romagna was 16.5/ 100,000 adults (1999-2001) [22] , whereas after adjustment to the reference population "whole Italy 1991", it was only 11.6/100,000, which was 30% less than without adjustment (Table 1) [21, 22] . The difference can be explained by the proportion of elderly, which was 35.6% along with higher percentages of the very old in Lugo di Romagna, and 27.6% in Italy 1991 (Table 1) [21, 22] . Whereas the adjustment was useful for Italy, it lead to substantial underestimation (30%) for the region where the study was performed. Likewise, adjustments to so called "standard populations" have to be applied with caution. For example, the European standard population from 1976 (ESP 1976) had a low proportion of elderly (22.5%) and was up to absolute 13.5% (relative 37.5%) below European regions, e.g., Ferrara, Italy with 36.6% elderly (Table 1) [13, 21, 23] . The revision of ESP in 2013 already included 32.8% elderly [13] , which might have been preferable in Ferrara [21, 23] . Taken together, adjustments to "standard populations" allow comparisons between studies, yet being suboptimal for estimating public health needs.
Importantly, age and gender adjustment cannot compensate for other relevant influence factors such as ethnicity. The different composition of study and reference population regarding ethnicity has to be overcome by separate age and gender adjustments for each ethnical subgroup. In summary, age and gender adjustment should not be considered a black box process. Instead, such adjustments require careful thoughts about the appropriate composition of the reference population regarding age strata, gender, and ethnicity. It is of fundamental importance to unambiguously report place and time of the reference population and a literature reference that directly provides data on population statistics [23, 35, 37, 39, 40] .
Reporting of incidences in "total populations"
The peak of incidence in early childhood may bias incidences reported "per total population", i.e., children and adults combined ( Table 2 ). Crude incidences in adults were calculated from reported age strata that resulted in up to relative 19.2% lower incidences [16] , or up to 24.7% higher values compared with "incidences per total populations" [35] . This effect is due to the variable contribution of children to the total sum of SE events in different populations and/or different times of studies. Of note, the age for defining adults ranged from 15 to 20 years. An age threshold of 15 years resulted in almost relative 7% lower incidences compared with 20 years in one Rochester study [7] , which is caused by a "diluting effect" of the low incidence years between 15 and 20 years of age. The proportion of children may also help to explain the yet uncommented phenomenon of the relative 27.6% drop in crude incidence of SE in Rochester from 15.2/100,000 (adults and children) from 1955 to 1964 to 11.0 from 1965 to 1974 (Fig. 2) [8] . The number of elderly inhabitants in Rochester was relatively highest in 1960 with 23.1% of all adults, which decreased only slightly by relative 6.1% in the following years to 21.7% in 1970 [8] . As the proportion of elderly in the adult population could not explain the phenomenon, it was warranted to investigate the second high incidence age group, namely the very young children. We identified a decline of relative 25.3% in this age group from 1960 to 1970 [9] . We speculate that the number of newborns declined substantially because of the end of the baby boom at the beginning of the 1960s and, therefore, caused the decline of incidence of SE in the long-term study. Of note, a phenomenon in childhood had substantial consequences for the total population that could have been prevented by reporting incidences for children and adults separately. Census-based population statistics of both high risk groups, i.e., young children and elderly, contributed to a minor extent to explain the huge fluctuations of incidence of SE from 1979 to 2010 reported by Dham et al. (Fig. 3) [10] . We showed that insurance status was almost constant during that time (Fig. 3) , to fully understand this phenomenon a meticulous search for further reasons is warranted, e.g., billing incentives for diagnosing SE [12] . Neonates were excluded in the study in Richmond, which was another limiting factor for comparisons between studies including children [5, 6] .
The effects of inclusion of young children are not necessarily eliminated by age adjustment but can even be introduced by it. This occurred with the two studies from Rochester, which were age-adjusted to US census population 1980 [7, 9] , and US whites in 1980 [8, 9] , respectively. The US reference populations had a proportion of elderly of 23.2% (US) and 24.3% (US whites) per adults, respectively [9] , whereas in Rochester, all years during the study period had lower values (Table 1) [7] [8] [9] . Age adjustment should have led to an increase in incidence as the actual frequency was then shared by more elderly. However, Logroscino et al. reported lower incidences per decade from 1945 to 1984 due to higher percentage of children in Rochester (35.5%) than in USA (31.9%) [8, 9] , which outweighed the higher value in adults. In other words, the population pyramid in Rochester had a broader base than the USA ( Supplementary Fig. 4) [9] . In the study performed in French-speaking Switzerland from 1997 to1998, which was age-and gender-adjusted to the US 1980 census, it occurred in the opposite direction [9, 16] . The Swiss study population had absolute 2,2% (relative 9,5%) more elderly than the reference US population, so the value of incidence should decrease after adjustment [9, 15, 16] . However, the adjusted incidence increased as the proportion of children was higher in the USA 1980 (31.9%) compared with French Switzerland (23.5%) [9, 15, 16] .
As a consequence, we recommend that also the age and gender adjustments should be performed separately for children and adults. For optimal comparability, data will be provided for different thresholds of adulthood, e.g., ages 15 and 20 years.
Study design and definition of status epilepticus
Ten population-based studies were prospective, which was particularly important as the times to establish the diagnosis of SE shortened over the years. A defined time to diagnose SE of 30 min was reported in the early 1970s [42, 43] . At the end of the 1990s, a defined time of 5 min for an optimal early therapeutic response gained more acceptance [44] . Accordingly, one might expect more cases of SE to be detected with shorter diagnostic times. In 2015, the task force of the ILAE proposed a diagnostic time of 5 min for CSE, and 10 min for focal SE with or without impairment of consciousness and absence status, each time concept being based on observations of natural durations of different seizure types [1, 45] . A recent retrospective population-based study from Austria with the ILAE 2015 definition found an increase of identified SE of 10% [25] . A recent prospective study from Auckland, New Zealand, used 10 min for all forms and found an increase of 38% [37] . Status epilepticus was detected in additional 38.4% in a large case series in Taiwan when a diagnostic time T1 of 5 min was used instead of 30 min in all forms of SE [46] . Therefore, studies with a 30-minute definition substantially underestimate the incidence [5] [6] [7] [8] [10] [11] [12] 14, 16, 17, 20, 22, 23, 33, 35] . The percentages of spontaneous cessation of SE in Austria and New Zealand were 2.3% of patients and 28% of episodes, respectively [25, 37] . This is well in line with the findings of a large randomized controlled trial for prehospital treatment using a 5-minute definition of SE, in which the placebo arm showed a response in 21.1% [47] . Retrospective studies may therefore underestimate the incidence due to decreased awareness for shorter SE episodes that stop spontaneously [3, 7, 8, [10] [11] [12] [23] [24] [25] 30, 31, 33] . A Finnish prospective study used 5 min for all forms of SE and reported a fourfold increase to previous studies [4] . Five minutes for all forms of SE were also used in a Taiwanese and a Danish population-based study [27, 31] . However, focal seizures and absence seizures may last up to 10 min [45] ; hence, a 5-minute criterion for all forms of SE predisposes to overestimation. The study in Florence also used the definitions of diagnostic times by ILAE 2015, but limited its study population to patients in the emergency department (ER) [30] .
Status epilepticus could have been potentially missed in the seven studies, which were based only on discharge diagnoses, for instance, when doctors chose the cause of status as the primary hospital discharge diagnosis, such as acute ischemic brain infarction [3, [10] [11] [12] 24, 31, 33] . Studies should report whether patients with SE treated as outpatients were also included. The proportion of recurrent SE was not reported in seven studies [3, 10, 12, 14, 16, 24, 33] , five of them used national databases of hospital discharge diagnoses [3, 10, 12, 24, 33] . As SE recurred in at least 20% in one study [16] , it is mandatory to report whether only first episodes of SE were included to prevent overestimation.
Classification of status epilepticus
According to ILAE classification 2015, the semiology of SE is divided into "SE with prominent motor symptoms" and "SE without prominent symptoms", that is, NCSE [1] . Status epilepticus with prominent motor symptoms may be more easily identified by relatives, nurses, and bystanders. However, NCSE in general is extremely difficult or most times impossible to diagnose without EEG [48] [49] [50] . There are three major factors that influence the rate of diagnosis of NCSE. First, the availability of 24/7 service of EEG and EEG technicians is an expensive strategy. Second, a neurophysiologist or EEG-trained neurologist needs to be timely available to interpret the EEG. Third, the availability of validated criteria to diagnose NCSE promotes the diagnostic process [48] . Introduction of such criteria may substantially increase the rate of identified NCSE as shown in the Austrian study, where implementation of the "Salzburg EEG-criteria for diagnosis of NCSE" increased the rate of NCSE by a factor of almost 2.5 [25] . The annual incidence of a first episode of NCSE was 12.1 per 100,000 adults in the Austrian study [25] . The high total incidences of SE of 27.2/100,000 total population found in Ferrara, Italy and in Austria of 36.1/100,000 adults were in a relevant part due to a high rate of NCSE, as these centers provided 24/7 EEG service including technician and neurologist with EEG expertise [23, 25] . Nonconvulsive SE is totally missed in studies reporting only on CSE [11] . The proportion of CSE in the other populationbased studies ranged from 33.1% to 97.5% in 15 studies [4] [5] [6] [7] 14, 16, 17, 20, 22, 23, 25, 27, 30, 33, 35, 37] , but was not reported in six studies [3, 8, 10, 12, 24, 31] . The long-term study in Rochester from 1935 to 1984 by Logroscino et al. already distinguished between "motor" SE (generalized, secondarily generalized, and partial motor SE), myoclonic SE, and "nonmotor" SE to form groups of similar presentation and consecutively similar ascertainment [8] . Nonmotor SE accounted for 3% between 1935 and 1944 and increased to 13% between 1975 and 1984, but was still quite lower than the 34.4% of NCSE in Austria 2016, i.e., a factor of 2.6 [8, 25] , which most likely explains the differences between the incidences of SE in Rochester (adjusted to Austria 2016: 23.7/100,000 adults) and Austria 2016 (36.1/ 100,000 adults) [7, 25] . Before the ILAE 2015 classification, the incidence of NCSE was obscured by the fact that NCSE was part of the group called "partial SE" or "focal SE", which also included partial SE with prominent motor phenomena [4] [5] [6] [7] 16, 17, 20, 22, 23, 30, 33, 35] .
Impact of etiology
Etiology is a major determinant of outcome [1, 2] . From an epidemiological point of view it is highly relevant whether postanoxic etiology is excluded, as this accounts for up to 16% in the population-based studies [8] . Three studies did not provide such data [12, 33, 35] . The proportion of acute symptomatic etiology serves as a clue to the setting of the study, as centers with neurological emergency departments and intensive care units (ICU) have higher rates than hospitals without this infrastructure [25, 37] . A very low rate of acute etiology may give a hint towards underascertainment; seven studies do not provide this information [3, 6, [10] [11] [12] 31, 33] . The proportion of febrile SE in studies involving children was up to 23% of the study cohort, which proportionally reduced percentages of etiologies in adults in three studies [7, 14, 37] , but were not reported in nine studies [6, [10] [11] [12] 16, 23, 24, 31, 35] . In resource-rich countries, cerebrovascular etiology is a leading cause of SE [2] . However, malaria and acute bacterial meningitis prevail in children in Africa [51] , whereas data for adults are scarce [35] .
Patient ascertainment
Apart from the inclusion criteria, patient ascertainment means that patients with a certain disease present themselves at a hospital within the study area and that this hospital takes measures to document all such patients for inclusion into the study. Some reasons for underascertainment are that patients refrain from being brought to hospital, that ambulance services admit the patients to a center outside the study area, or that SE is initially mistaken for another disorder, for instance, stroke. In the German study, an underascertainment of 10% was found in urban areas by retrospective chart review, whereas it was 73.6% outside the primary service area of the University of Marburg [17] . In Richmond, underascertainment was 10% at the Medical College of Virginia Hospitals and 67% in community hospitals [6] . DeLorenzo et al. determined underascertainment by investigation of "all hospital ICD-9 codes for seizures, 911 reports for seizures in the ER, presentation of status epilepticus on hospital rounds, all EEG laboratory reports, and ICU and ER records and personnel" for one month of each year of the study [6] . Rural Lugo di Romagna had almost the same incidence as City of Bologna in the same region of Italy (Table 2) ; however, Lugo di Romagna has a plain landscape that facilitates rapid transport to hospital [20, 22] . In Rochester, investigators also registered home visits additionally to in-and outpatients by application of a records linkage system as part of the Rochester Epidemiology Project, which can be regarded as the highest level of ascertainment [7, 8] . Eight centers used study areas much smaller than their total catchment areas to prevent drain of patients with SE to neighbor hospitals [6] [7] [8] 17, 20, 22, 23, 25] , and three studies were performed on islands [27, 31, 35] , or in an area with significant geographical borders [37] .
Another potential reason for underascertainment is a high contribution to treatment costs by patients ("out of pocket" payments). Health insurance coverage was complete in 16 studies in ten countries (Austria, Denmark, Finland, France [La Reunion], Germany, Italy, New Zealand, Switzerland, Taiwan, and Thailand) [3, 4, 14, 16, 17, 20, [22] [23] [24] [25] 27, 30, 31, 33, 35, 37, [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] . However, limited public or personal coverage of healthcare costs should be reported as potential bias for access to healthcare.
Impact of gender
For the interpretation of the impact of gender, several of the already discussed mechanisms apply. From an epidemiological point of view, the gender with more persons in the high risk groups may end up with higher gender-specific incidences. The visual inspection of a population pyramid easily identifies such imbalances, e.g., for Germany in Supplementary Fig. 3 [19] . However, although the German district Hessen had a 1.3 times higher percentage of 30.8% elderly women per adult women compared with 23.5% elderly men per adult men, the incidence was almost twice in men (26.1/100,000 adult men) than in women (13.7/100,000 adult women) [18] . In one Rochester study [7] , the incidence in men (23.2/100,000 [95% CI: 18.9-28.4]) was 1.8 times higher than in women (13.1 [95% CI: 10.5-16.3]), although in the reference population USA 1980, the percentage of elderly women per all adult women was 25.6% and elderly men per adult men was 20.51% [7, 9] . Hesdorffer et al. considered both the underlying etiology, e.g., increased risk of cerebrovascular disease, brain trauma, or central nervous system (CNS) infection in men, and a potential gender-specific difference in seizure threshold for explaination [7] . In the Austrian study, incidence of SE was slightly higher in women (37.0/100,000 [95% CI: 23.8-54.9]) than in men (35.1 [95% CI: 21.2-54.6]) in line with percentages of the elderly per adults for each gender of 31.6% in women compared with 26.4% in men in 2016 [25] . However, women made up 77.6% of all diagnosed NCSE and 44.8% of "SE with prominent motor symptoms" [25] . Availability of EEG availability was also well established with 12/5 and 12/6 service, respectively, in the other two studies reporting higher incidences in women [20, 22] . Providing fast access to EEG and applying clinical and EEG diagnostic criteria may effectively compensate the underdetection of NCSE, particularly in women [25, [48] [49] [50] . Future studies should investigate further influence factors on gender-specific incidence, e.g., access to healthcare.
We summarized findings of this study as recommendations for optimized reporting in Table 4 . Whereas the "MOOSE"-statement for Meta-analyses Of Observational Studies in Epidemiology describes the proper methodological part of the meta-analysis [63] , our recommendations should support authors of population-based studies on SE to provide all relevant information for optimal comparability.
Conclusion
Studies on the epidemiology of SE are characterized by a large heterogeneity in study design and population, definitions of SE, and case ascertainment, as well as age and gender adjustment. We also identified a striking lack of standardized reporting of details of the study populations and the composition of the reference populations.
There are several factors that lead to a substantial overestimation of SE incidence in adults, such as inclusion of recurrent episodes or hypoxic patients, a diagnostic time criterion of 5 min for all SE forms, inclusion of many young children, adjusting to a reference population with substantially more young children or more elderly, and billing incentives to diagnose SE. On the other hand, limited access to healthcare in general, EEG availability, application gap of clinical and EEG criteria for NCSE, a diagnostic time criterion of ten or even more minutes for all SE forms, exclusion of persons with preexisting epilepsy, limiting the study population to patients treated in the emergency department, to CSE, or adjusting to a reference population with much lower proportions of young children or elderly people compared with study population may lead to significant underestimation. Relying on discharge diagnosis may lead to overestimation due to inclusion of recurrent episodes, but also to underestimation if other discharge diagnoses were more important than SE, or in case of a change from inpatient to outpatient management if only discharge diagnoses were investigated. A distortion of data is evoked by reporting data per total population in which high incidence ages in early childhood and elderly may interfere with each other. Age and gender adjustments introduce changes which are due to differences in study and reference population and need to be well perceived. Based on our findings we generated recommendations for optimized reporting in population-based studies on status epilepticus.
Supplementary data to this article can be found online at https://doi. org/10.1016/j.yebeh.2019.106720.
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